This Page Is Inserted by IFW Operations 
and is not a part of the Official Record 

BEST AVAILABLE IMAGES 

Defective images within this document are accurate representations of the 
original documents submitted by the applicant. 

Defects in the images may include (but are not limited to): 

• BLACK BORDERS 

• TEXT CUT OFF AT TOP, BOTTOM OR SIDES 

• FADED TEXT 

• ILLEGIBLE TEXT 

• SKEWED/SLANTED IMAGES 

• COLORED PHOTOS 

• BLACK OR VERY BLACK AND WHITE DARK PHOTOS 

• GRAY SCALE DOCUMENTS 



IMAGES ARE BEST AVAILABLE COPY. 

As rescanning documents will not correct images, 
please do not report the images to the 
Image Problems Mailbox. 



THIS PAGE BLANKS 



© 




Europaisches Patentamt 
European Patent Office 
Office europeen des brevets 



lilllll 

© Publication number: 



11 



0 §2S BB2 M 



EUROPEAN PATENT APPLOCATION 



published 


in accordance 
158(3) EPC 


with Art. 




© Application number: 92906207.3 


© Int. CI 


s : H04B 1/10 




© Date of filing: 27.02.92 








® International application number: 
PCT/JP92/00213 




PHNfc 


MaT. 


© International publication number: 




DOSSIER 



© Priority: 27.02.91 JP 32635/91 


© 


Applicant: FUJITSU TEN, LTD. 


27.02.91 JP 32639/91 




2-28, Goshodori 1-chome, Hyogo-ku 






Kobe-shi, Hyogo, 652(JP) 


© Date of publication of application: ,. 


© 




10.02.93 Bulletin 93/06 


Inventor: TAKAYAMA, Kazuo 






Fujitsu Ten Limited, 2-28, Goshodori 


© Designated Contracting States: 




1-chome 


CH DE FR GB LI 




Hyogo-ku, Kobe-shi, Hyogo 652(JP) 






Inventor: MATSUNAGA, Hirokazu 






Fujitsu Ten Limited, 2-28, Goshodori 






1-chome 






Hyogo-ku, Hyogo 652(JP) 




© 


Representative: Skone James, Robert Edmund 






et al 






GILL JENNINGS & EVERY, Broadgate House, 






7 Eldon Street 






London EC2M 7LH(GB) 



© CIRCUIT FOR SENSING PULSE-LIKE NOISE IN AM RECEIVER. 



© A circuit for sensing pulse-like noises entering an AM receiver, by which the freedom of a configuration is 

^f 3 improved and malfunctions are prevented. The circuit, which is used in an AM receiver, provided with an 

^ evelope detector (108) for envelope-detecting the intermediate frequency signal, and outputs a gate signal for 

^ removing the pulse-like noise signal included in the output signal of the envelope detector (108), includes a high- 

<g$> pass filter (31), an amplifier (32), a level sensing section (33), and a band-pass filter (34). The first high-pass filter 

<® (31) blocks an envelope-detected signal fed from the envelope detector (108), and extracts the pulse-like noise 

^ signal from the output signal of the envelope detector (108). The amplifier (32) amplifies the extracted pulse-like 

(s^fl noise signal. The level sensing section (33) senses the level of the amplified pulse-like noise signal, and when 

0^ the level exceeds a predetermined value, outputs the gate signal The band-pass filter (34) extracts the 

@ envelope-detected signal from the output signal of the envelope detector (108), adjusts the amplification factor of 

_ the amplifier (32) and controls the level of the pulse-like noise signal to a fixed value. 
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TECHNICAL FIELD 

The present invention relates to a pulse noise detecting circuit provided in an AM receiver for detecting 
pulse noise signal entering the AM receiver. 
5 More particularly, the present invention alludes to improvement of the pulse noise detecting circuit of 

the AM receiver to allow greater freedom in construction of the AM receiver and to prevent erroneous 
operation. 

BACKGROUND ART 

10 

Figure 18 is a diagram showing a prior art pulse noise detecting circuit in an AM receiver. Note, the 
same reference numerals and symbols are used to represent the same elements throughout ail of the 
drawings. The construction of the figure includes a tuner 100 of the AM receiver, a pulse noise removal 
portion 2 for removing pulse noise from an output signal of the tuner 100, and a pulse noise detecting 
75 portion 40 for detecting the pulse noise to output a gate signal for removing the pulse noise to the pulse 
noise removal portion 2. 

The tuner 100 includes an antenna 101, a RF amplifier 102 connected to the antenna 101, a mixer 103 
connected to the RF amplifier 102, a local oscillator 104 supplying a mixing signal to the mixer 103, a broad 
band filter 105 connected to the mixer 103, an intermediate frequency amplifier 106 connected to the broad 
20 band filter 105, a narrow band filter 107 connected to the intermediate frequency amplifier 106, and, for 
example, an envelope detector 108 connected to the broad band filter 107. Automatic gain control is 
performed using the output of the detector 108 to the amplification gain of the intermediate frequency . 
amplifier 106. The output of the detector 108 is made constant. 

The pulse noise removal portion 2 includes a gate circuit 21 and a holding capacitor 22. 
25 Figure 19 is a view illustrating the removal of noise using the pulse noise removal portion of Fig. 18. As 
shown in (a) of the figure, in a signal input to the pulse removal portion 2, pulse noise is superposed on a 
detection signal. This pulse noise is, for example, ignition noise, noise mixed from a transmission line, etc. 
in a receiver installed in a vehicle. Also, as shown in (b) of the figure, there is a gate signal detected by the 
pulse noise detecting portion 40 and synchronized with the pulse noise. Further, as shown in (c) of the 
30 figure, when the gate signal allows the gate circuit 21 to be open and the pulse noise to be removed, the 
level of the detection signal before removal of a pulse noise signal is held by the capacitor 22. When the 
gate circuit 21 is closed, the holding of the detection signal is released. As shown in (d) of the figure, the 
post removal waveform shown in (c) of the figure is corrected by another apparatus not shown. 

The pulse noise detecting potrion 40 of Fig. 18 includes an amplifier 41 connected to the output of the 
35 broad band filter 105, an envelope detector 42, for example, connected to the amplifier 41, a high pass filter 
43 connected to the detector 42, and a level detecting portion 44 connected to the high pass filter 43 and 
producing a gate signal for operating the gate circuit 21. 

The reason why the tuner 100 is provided with the broad band filter 105 is to obtain a greater amplitude 
of noise in the pulse noise detection portion 40 so as to make the detection of the pulse noise easier. 
40 Also, in order to make the output of the detector 42 constant, automatic gain control is performed to 
control the amplification gain of the amplifier 41 . 

Next, the operation will be discussed. A received signal with pulse noise mixed is branched by the band 
filter 105, passes through the amplifier 41, has the carrier wave removed by the envelope detector 42 to 
become a demodulation wave, has all but the pulse noise high frequency removed by the high pass filter 
45 43, is shaped into the gate signal by the level detecting portion 44 and is then output to the gate circuit 21 . 

However, since the prior art pulse noise detecting circuit of the AM receiver is required to amplify the 
branched signal in the band filter 105 and further perform detection etc., there were the problem of 
emission of a higher harmonic wave components of 910KHZ caused by detection distortion of an 
intermediate frequency 455KHz after the mixer 103 and issuing of a beat ("tweet"), the problem of a need 
so for special consideration in the layout of parts for preventing the higher harmonic wave from being mixed, 
and the problem of a low freedom of design owing to the limitations in construction of the band filter 105. 

Therefore, the present invention, in consideration of the above problems, provides a pulse nosie 
detecitng circuit of an AM receiver in which the freedom in design is higher and malfunctions are improved. 

Also, in the prior art pulse noise detecting circuit of the AM receiver, the next problem arises. 
55 Figure 20 is a view showing the construction of the level detecting portion of Fig. 18. The figure 

includes a comparator 441 whose non-inversion terminal inputs the output signal of the high pass filter 43 
and whose inversion terminal inputs a referrence voltage + V r a comparator 442 whose inversion terminal 
inputs the output signal of a high pass filter 43 and whose non-inversion terminal inputs a reference voltage 

3 
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-V r , an OR circuit 443 connected to the comparator 441 and 442, and a monostable multivibrator 444 
connected to the OR circuit 443 and outputting the gate signal to the pulse noise removal portion 2. 
Next the operation of the level detecting portion 44 will be discussed. 

Figure 21 is a view illustrating the signal waveform at the level detecting portion 44 of Fig. 20. (a) of the 
5 figure shows a waveform of the signal output from the detector 42, and (b) of the figure shows a waveform 
of a signal from the high pass filter 43 extracting high frequency noise components from the signal of the 
detector 42, which differs from the original waveform of the output signal of the detector 42. (c) of the figure 
shows the output signal of the comparators 441 and 442. It is a positive rectangular pulse produced at more 
than + V r when the signal is positive and less than -V r when negative, (d) shows a waveform of the output 
w signal produced by the monostable multivibrator from the comparators 441 and 442 through the OR circuit 
443. 

(a) of the figure shows when the pulse noises is large and small. The wave width of the pulse noise, 
however, increases as the wave height thereof increases. Further it is determined fundamentally according 
to an impulse response of an intermediate frequency filter of the tuner 100. Various kinds of distortion are 

is caused and the wave width spreads if the pulse noise added becomes large. The places causing the 
distortion are the intermediate frequency amplifier 106, the amplifier 41, the detectors 108 and 42 etc. 
Therefore, when the positive and negative side pulses are detected and the pulse width of the gate is made 
by the monostable multivibrator 444, since the pulse width changes depending on the pulse height, usually, 
as illustrated, it is optimized to the higher value of the pulse height. Thus said t b is made t x + a. Here, t ( is 

20 a time interval between the positive and negative sides and a is a design margin. In this case, even if there 
is no longer any pulse noise, the gate is open during t b = t, + «. A problem arises in that in the case of a 
small wave height of the pulse noise the gate width is too broad and an excess of wave distortion occurs as 
shown in Fig. 19(c). Further, the provision of two comparators which is required to detect the positive side 
pulse and the negative side pulse introduces an obstacle for simple construction. 

25 Further the present invention, in view of the above problem, has as its object to provide a pulse noise 
detecting circuit of an AM receiver varying the gate width according to the wave height of the input pulse. 

DISCLOSURE OF INVENTION 

30 A pulse noise detecting circuit of an AM receiver that has an envelope detecting portion performing 
envelope detection of an intermediate frequency signal passing through a first band filter and a pulse noise 
removal portion that removes a pulse noise signal mixed in an output signal of the envelope detecting 
portion, includes a pulse noise detecting portion for detecting the pulse noise to output to the pulse noise 
removal portion a gate signal for removing the pulse noise, characterized in that it comprises a high pass 

35 filter that obstructs an envelope detection signal from the envelope detecting portion and extracts the pulse 
noise, an amplifier that amplifies the pulse noise extracted by the high pass filter, and a level detecting 
portion that detects the level of the pulse noise amplified by the amplifier and outputs the gate signal to 
said pulse noise removal portion when the level attains a predetermined value, there is, a second band filter 
that extracts the envelope detection signal of the envelope detecting portion, the gain of the amplifier is 

40 adjusted by the detected and smoothed level of the envelope detection signal extracted by the second 
band filter, and the level of the pulse noise is made constant. 

With the above pulse noise detecting circuit of the AM receiver of the present invention, when the pulse 
noise is input to the envelope detecting portion, the asymmetry of the pulse noise causes a higher 
harmonic wave to occur. The higher harmonic wave is extracted by the high pass filter and detected, the 

45 signal is amplified, the signal level is detected, and a gate signal operating the pulse noise removal portion 
is produced. This gate signal is adjusted so that the envelope detection signal of the envelope detecting 
portion is extracted, the gain of the amplifier is adjusted by a detected and smoothed level of the extracted 
envelope detection signal, and the level of the pulse noise becomes constant. Accordingly, it is no longer 
necessary to include a detecting portion inside as in the past and it is no longer necessary to consider the 

so effect of detection distortion. 

Further, dealing with the adjacent interference, the asymmetry of the band filter at the intermediate 
frequency stage of the tuner is considered, so that the malfunctions due to the saime are prevented and 
reliability improved. 

Also, the signal delay circuit may be used to adjust the timing of the pulse noise detecting circuit and 
55 the tuner to be adjusted and synchronizes the pulse noise removal portion. 

Also, the level detecting portion includes a positive or negative discriminating portion that discriminates 
a positive or negative output signal of the high pass filter, holding and reducing portion that hold the outputs 
of the high pass filter discriminated by the positive or negative discriminating poriton and reduce the output 
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with a certain time constant, a subtracting portion that obtains the difference of the outputs of the holding 
and reducing portion and a comparing portion that outputs the gate signal to the pulse noise removal 
portion when the output signal of the subtracting portion exceeds a predetermined value. 

With the above level detecting portion, the signal input to the pulse noise detection circuit passes 

5 through the high pass filter to become a high frequency component, and is devided into a positive or 
negative signal by the positive or negative discriminating portion. The peak of the input signal is held 
temporarily and reduced in a predetemined time by the holding and reducing portion. The difference of the 
signals processed in this way is taken in the subtracting portion, so that one pulse is shaped with the 
leading edge and trailing edge of the pulse noise and it takes a longer time to reduce if the height of the 

io pulse noise is higher. In a comparator, the gate signal is generated in the time after the above processed 
signal become more than a predetermined reference voltage until it falls to less than that, so the gate width 
is broader as the height of the pulse noise is larger, and the gate width is narrower as the height of the 
pulse noise is smaller. Further, in the prior art, two comparators were required, so compared with this, the 
construction is simpller because a single comparator is sufficient. 

75 

BRIEF DESCRIPTION OF THE DRAWINGS 

The invention will be described below with reference to accompanying drawings in which: 
Fig. 1 is a diagram showing a pulse noise detecting circuit of an AM receiver according to a first 

20 embodiment of the present invention; 

Fig. 2 is a view showing the construction of an envelope detecting portion of Figure 1; t 
Fig. 3 is a view showing a spectrum of a modulated signal without pulse noise; 
Fig. 4 is a view showing a spectrum of a demodulated signal without pulse noise; 
Fig. 5 is a view showing a spectrum of a modulated signal with pulse noise; 

25 Fig. 6 is a view showing a portion of a modulated and demodulated signal not affected by pulse noise 
based on equation 4; 

Fig. 7 is a view showing a portion A V E of a modulated and demodulated signal affected by pulse noise 
of equation 4; 

Fig. 8 is a view showing a high pass filter of a pulse noise detecting portion of Fig. 2; 
30 Fig. 9 is a view showing a relationship of a cut-off frequency between a band filter of a tuner and a high 
pass filter of a pulse noise detecting portion; 

Fig. 10 is a view showing a waveform of an output of a pulse noise detecting portion when a pulse noise 
occurs; 

Fig. 1 1 is a view showing spectra of modulated and demodulated signals; 
35 Fig. 12 is a view illustrating a trap of an adjacent interference frequency; 

Fig. 13 is a view showing a high pass/band elimination filter for trapping an adjacent interference 
frequency; 

Fig. 14 is a view showing characteristics of a band filter of a pulse noise detecting circuit; 
Fig. 15 is a view showing an example of a level detecting poriton of a pulse noise detecting apparatus in 
40 an AM receiver of an embodiment of the present invention; 

Fig. 16 is a view explaining a possible gate width for a pulse wave height; 

Fig. 17 is a view showing a signal waveform for explaining operation of an embodiment of the present 
invention; 

Fig. 18 is a diagram showing a prior art pulse noise detecting circuit of an AM receiver; 
45 Fig. 19 is a view explaining the removal of noise using the pulse noise removal portion shown in Fig. 18; 
Fig. 20 is a view showing a construction of a level detecting portion of Fig. 18; and 
Fig. 21 is a view showing a singal waveform of a level detecting portion of Fig. 20. 

DESCRIPTION OF THE PREFERRED EMBODIMENTS 

50 

Figure 1 is a diagram showing a pulse noise detecting circuit of an AM receiver according to an 
embodiment of the present invention. The construction of the figure will be discussed. 

The pulse noise detecting circuit 3 of an AM receiver of the figure comprises a high pass filter 31 
connected to the output of the envelope detecting portion 108 of the tuner 1, an amplifier 32 connected to 
55 the high pass filter 31 , a level detecting portion 33 connected to the amplifier 32 and connected to the gate 
circuit 21 of the pulse noise removal portion 2, a band filter 34 connected to the output of the envelope 
detecting portion 108, a level detecting portion 35 connected to the band filter 34, and a low pass filter 36 
connected to the level detecting portion 35 to control an amplification gain of the amplifier 32. 

5 
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The tuner 1, comparing with Fig. 18, has the band filter 105 removed, uses the envelope detecting 
portion 108, assuming an envelope detection wave, as a detector, and newly includes a signal delay circuit 
201 between the envelope detecing portion 108 and the pulse noise removal portion 2, in order to 
synchronize with the pulse noise detecting circuit 3. 
5 Next, the envelope detecting portion 108 will be discussed. 

Figure 2 is a view showing a construction of the envelope detecting portion of Figure 1. The figure 
includes a diode 1081 which receives input at its anode and gives an output signal from its cathode and a 
resistor 1082 and a capacitor 1083, ones of which is connected to the cathode of the diode 1081 and the 
other of which is grounded. 

10 Next, the operation of the envelope detecting portion 108 will be discussed. Assuming a modulation 

signal has a frequency band width, the modulation signal V m (t) is indicated by 



oo 

V. (t) = E A a cos{npt+0 . ) — (1) 

a - I 

and an amplitude modulated wave V AM (t) is indicated by 

20 

oo 

V AM (t) =A { 1 + Z A, cos(npt+0 D } cosfw t+0 0 ) 



25 



- A cos(cl) o ) (carrier wave) 



30 



OO 

+ I /2 A S A B cos { (o>t+np)t+ 4> n + 0 0 } 

" " 1 (upper side wave) 

oo 

+ A S A. cos { (a) t-np)t+ 0 a - 0 O } 
35 0 " ! (lower side wave) 

- (2) 

where 

40 An : amplitude of modulated signal, 

p : angular frequency of modulated signal, 
4>o : initial phase of modulated signal, 
A : amplitude of carrier wave, 
w : angular frequency of carrier wave, 
45 <f> 0 : initial phase of carrier wave. 

Figure 3 is a view showing a spectrum of the modulated signal without pulse noise. The figure shows 
one illstrating equation (2). 

Figure 4 is a view showing a spectrum of the demodulated signal without pulse noise. The figure shows 
the demodulation of the spectrum of the modulated signal and corresponds to V m (t) of equation (1). 
so Figure 5 is a view showing a spectrum of the modulated signal with pulse noise. As shown in the figure, 
the upper side wave and the lower side wave are at symmetrical positions in relation to the carrier wave, but 
the pulse noise is at an asymmetrical position with respect to the ordinary carrier wave and almost not 
never comes to a symmetrical position. 

Here, setting the signal V E (t) of the pulse noise as 



55 



V E (t) = Ke cos {(« + Aw)i + <j>o} (3) 

an amplitude modulated signal V AME (t) is indicated by 
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V AM B <t> = V AM (t) + V B 

= (A - A 8 ) Costco t + 0 o ) (carrier wave) 

oo 

+ Vz A Z A n cos { ico + np)t+0 D + 0o } 

n-1 (upper side wave) 

oo 

+ l A A £ A D cos { (oj t - np)t+ 0o - 0o } 

° - 1 (lower side wave) 

+ K B [cos( (O t + 0 o ) + cos { ( 0l> + A CO )t + 0 o )} 

(pulse noise signal) 
••■ (4). 

Here, setting a modulated wave A V E of the pulse noise signal as follows; 

A V B = A E [cos(cj t + 0 o ) 

+ cos { ( CO + A co )t + 0c}] 
= 2A E cos { (2co + A CO )t + 20 o } 

• cos ( A a> t ) 

— (5) . 



Figure 6 is a view showing a portion of the modulated and demodulated signal not affected by the pulse 
noise of equation (4). In (a) of the figure, there are modulated signals including the carrier wave, the upper 
35 side wave, and the lower side wave, (b) of the figure shows a signal demodulated by the envelope detecting 
portion 108. These demodulated tected signals are input to the high pass filter 31. 

Figure 7 is a view showing a portion A V E of the modulated and demodulated signals affected by the 
pulse noise of equation (4). (a) of the figure shows the modulated signal A V E of the pulse noise of equation 
(5), (b) of the figure shows rectification by the diode 1081 of the envelope detecting portion 108, and (c) of 
40 the figure shows envelope extraction attained by the resistor 1082 and the capacitor 1083. 
These demodulated signals are input to the high pass filter 31. 

Here, comparing the demodulated signals detected by the envelope detection in Fig. 6(b) and Fig. 7(c), 
the waveform shown in Fig. 6(b) changes continuously, while the waveform shown in Fig. 7(c) changes 
discontinuously in a point where the waveform turns from descent to ascent. This difference arises in that, 
45 in Fig. 6(b), the modulated signal causes two side waves symmetrical in relation to the carrier frequency, 
whlile in Fig. 7(b) the pulse noise occurs at the asymmetrical position in relation to the carrier wave 
frequency. 

Next, the operation of the pulse noise detecting portion 3 will be discussed. Figure 8 is a view showing 
the high pass filter 31 of the pulse noise detecting portion of Fig. 1. The high pass filter 31 includes a 
so capacitor 311 and a coil 312, as is illustrated. 

Figure 9 is a view showing a relationship of the cut-off frequency characteristics between the band filter 
of the tuner and the pulse noise detecting portion. As shown in figure, the capacitance of the capacitor 311 
and the inductance of the coil 312 in the high pass filter 31 are determined so that the cut-off frequency f b 
of the high pass filter 31 is larger than upper limit cut-off frequency f a of the band filter 107. 
55 Figure 10 is a view showing a waveform of the output of a pulse noise detecting portion when pulse 
noise occurs. 

First, an envelope detection signal having no pulse noise or the portion of the envelope detection signal 
having pulse noise but not being affected by it is blocked by the high pass filter 31 so that there is no 



7 



BNSDOCID. <EP 0526662A1_I_> 



EP 0 526 662 A1 

output of the pulse noise detecting portion. On the other hand, as shown in (a) of the figure, since the 
envelope detection signal affected by the pulse noise includes a higher harmonic wave signal for the pulse 
noise at discontinuous points, this higher harmonic wave signal passes through the high pass filter 31, is 
amplified by the amplifier 32, and is shaped by the level detecting poirtion 33 , and is formed into the gate 
5 signal as shown in (b) of the figure. 

Next, the higher harmonic wave signal will be discussed. Figure 1 1 is a view showing a spectrum of the 
demodulation signal and the pulse noise signal. As shown in the figure, the modulated signal passing 
through the band filter 107 and the higher harmonic wave of the pulse noise formed by the envelope 
detecting poriton 108 pass through the high pass filter 31. 
70 According to this embodiment, since the envelope detecting portion from the prior art is removed and 

the envelope detecting portion in the tuner is shared, no detection distortion occurs in the pulse noise 
detecting circuit 3 and the freedom of the design arrangement is increased. 

Next a modification of the high pass filter 31 will be discussed. 

If a frequency of a nearby broadcast station is mixed in, this is deemed as a pulse noise. The pulse 
75 noise detecting portion 3 detects and removes this, but this is not desirable since the object is to remove 

the pulse noise due to the ignition noise etc. of a vehicle. The frequency interval of such a nearby broadcast 

station is 9KHz in Japan and 10 KHz in the U.S. If the level of the adjacent frequency is appreciably large, 

since cut-off characteristic of the band filter 107 of the intermediate frequency amplification stage of the 

tuner is limited, it is mixed in. 
so Figure 12 explains a trap of an adjacent interference frequency. As shown in the figure if a trap A f for 

an adjacent interference frequency is provided at a frequency position 9 KHz (10 KHz) away from the 

adjacent interference frequency, the above-mentioned problem is solved. 

Figure 13 is a view showing a high pass/band elimination filter for trapping the adjacent interference 

frequency. 

25 As shown in (a) of the figure, the high pass/band elimination filter 52 includes a coil 521 with the 
inductance L and a capacitor 522 with the capacitance C1 connected in series, a capacitor 523 with the 
capacitance C2 connected in parallel therewith, and a resistor 524 of a resistance R grounded at the output 
side. 

The characteristics of this high pass/band elimination filter 52, as shown in (b) of the figure, can form a 
30 trap at a frequency fi , 



35 



40 



1 



2n 4 

where, C „ = Ci C 2 I ( C, + C 3 ) , 

f , * — 1 — 



2n y L~C7 



Therefore, in stead of the high pass filter 31, the high pass/band filter 52 may be used and the 
inductance L, and the capacitances C1 and C2 of the coil 521, capacipor 522 and 523 are adjusted 
respectively to form the trap of Figure 12. 
45 Next, the operation of the system of the band filter 34 etc. will be discussed. First, as mentioned above, 
as the fundamental principle, even if a broadcast wave is detected by the envelope detecting portion, 
detection distortion does not occur, but detecition distortion often occurs depending on the characteristics of 
the AM receiver. The main reason is that due to the asymmetry of the upper and lower frequency 
characteristics of the intermediate frequency stage band filter 107, a level unbalance of an upper side wave 
so and a lower side wave occurs and, for the same reason as mentioned above, the envelope detecting portion 
108 has output distortion. This phenomena easily occurs the higher the modulation frequency. Therefore, 
the pulse noise detecting circuit 3 easily errs in detection if the modulation degree is high. 

Figure 14 is a view showing the characteristics of the band filter in the pulse noise detecting circuit. 

As shown in the figure, the band filter 34 has the same frequency range as that of a detected broadcast 
55 wave, but the relative gain is asymmetrical in the high • low frequency range and has a slope at the low 
frequency portion as illustrated. 

Therefore, in the level detecting portion 35, even if a signal with the same level is input to the band filter 
34, if the frequency is higher, a signal with a high level is formed, and if the frequency is lower, a signal 
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with a low level is formed. This is averaged by the low pass filter 36 to adjust the amplification gain of the 
amplifier 32. Here, the low pass filter 36 removes signals having the frequency of the pulse noise to prevent 
the system of the band filter 34 etc. from operating due to the pulse noise. If it operates, the achievement of 
the original object is obstructed. 

5 In this way, if the modulation frequency is high on the average, it is possible to lower the detection 

sensitivity of the pulse noise detecting circuit 3. I 

Note, the band filter 34 has a slope at the high side. A similar amplification action of the amplifier 32 is 
obtained even if the above is reversed. 

Finally, the signal delay circuit 201 shown in Figure 1 uses a high order low pass filter etc., adjusts 

70 signal timing between the tuner 1 and the pulse noise detecting circuit 3 mentioned above, and synchro- 
nizes with the pulse noise removal portion 2. 

As set forth above, according to the present invention, the envelope detection of the tuner is used to 
detect pulse noise and, further, the interference by the adjacent broadcast station and the detection 
distortion accompanying the asymmetry of the intermediate frequency stage band filter in the tuner are 

75 considered to improve freedom in design of the AM receiver and improve the ability to prevent erroneous 
operartion. 

Figure 15 is a view showing an example of the level detecting portion of the pulse noise detecting 
circuit of the AM receiver according to an embodiment of the present invention. 

The construction of the level detecting portion 33 of the figure will be discussed. The level detecting 

20 portion 33 if the figure comprises a resistor 501 connected at one side to the output of the amplifier 32 and 
connected at the other side to a voltage source Vcc, a resistor 502 connected at one side to the output of 
the amplifier 32 and grounded at the other side, a pnp type transistor 503 connected at the base to the 
output of the amplifier 32 and grounded at the collector, a resistor 504 connected at one side to the emitter 
of the transistor 503 and connected at the base to the voltage source Vcc, a npn type transistor 505 

25 connected at the base to the emitter of the transistor 503 and connected at the collector to the voltage 
source Vcc, a npn type transistor 506 connected at the base to the output of the amplifier 32 and connected 
at the collector to the voltage source Vcc, a resistor 507 connected at one side to the emitter of the 
transistor 506 and grounded at the other side, a pnp type transistor 508 connected at the base to the 
emitter of the transistor 506 and grounded at the collector, a resistor 509 connected at one side to the 

30 emitter of the transistor 505 and grounded at the other side, and a resistor 510 connected in parallel to the 
capacitor 509, a resistor 511 connected at one side end to the emitter of the transistor 508 and connected 
at the other end to the voltage source Vcc, and a capacitor 512 connected at one side to the emitter of the 
transistor 508 and grounded at the other side; a resistor 515 connected at one side to the emitter of the 
transistor 505, a resistor 516 connected at one side to the emitter of the transistor 508, a resistor 517 

35 connected at one side to the other side of the resistor 515 and connected at the other side to a voltage 
source VBB, a differential amplifier 518 connected at non-inversion terminal to the other side of the resistor 
515 and connected at a inversion terminal to the other side of the resistor 516, a resistor 519 connected at 
one side to the output of the differential amplifier 518 and connected at the other side to the inversion 
terminal thereof to provide feedback; and a comparator 520 connected at the non-inversion terminal to the 

40 output of the differential amplifier, supplied at an inversion terminal with the reference voltage, outputting the 
gate signal to the pulse noise removal portion 2. 

The resistors 501 to 510 cinstitute the positive and negative discriminating portion 445, the capacitors 
509 to 512 constitute a holding and reducing portion 446, and the comparator 520 etc. constitute the 
comparating portion 448. 

45 Figure 16 is a view explaining a gate width variable in relation to a pulse wave height- (a) in the figure is 
a partial view of Figure 15. If a signal with a wave height V M is input to the transistor 505, the capacitor 510 
with a capacitance C is charged up to the wave height V M temporarily, when the input stops, it is 
discharged with a time constant RC through the resistor 509 with resistance R. (b) of the figure shows a 
change of the voltage Vo across the capacitor 510 and shows that the time until V 0 becomes a reference 

so voltage V r of the comparator 520, becomes the gate width. 

Next, the series of operations of this embodiment will be discussed. Figure 17 shows a signal waveform 
for illustrating the operation of an embodiment of the present invention, (a) and (b) of the figure are the 
same signal waveforms for corresponding to Fig. 21(a) and (b), (c) of the figure shows a signal waveform V p 
of the emitter of the transistor 505, (d) of the figure shows a signal waveform V n of the emitter of the 

55 transistor 508, (e) of the figure shows an output signal waveform V s of the differential amplifier 518, and (f) 
of the figure shows an output signal waveform of the comparator 520. 

In the formation of the signal waveform V p and V n , sets of two transistors are connected, such as the 
pnp type transistor 503 and npn type transistor 505 and the npn type transistor 506 and the pnp type 
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transistor 511, DC biases are made the same, and thereby deviation is prevented at times of no input. 

The output signal waveform V s indicated of (e) of the figure by V s = V p - V n , its width is broader 
depending on the waveform of pulse noise, and the width of the gate pulse V G is broader through the 
comparator 520. 

5 According to the construction as mentioned above, compared with the prior art, it is possible to reduce 

the number of the comparators or the amplifiers to one. Further according to this embodiment the level 
detecting portion of the pulse noise detecting circuit of the AM receiver changes the width of the gate signal 
to be broad or narrow depending on the input wave height of the high pass filter, so it is possible to restrain 
the waveform distortion. 

70 

Claims 

1. A pulse noise detecting circuit of an AM receiver that has an envelope detecting portion (108) 
performing envelope detection of an intermediate frequency signal passing through a first band filter 
is (107) and a pulse noise removal portion (2) that removes a pulse noise signal mixed in an output signal 

of the envelope detecting portion (108), provided with a pulse noise detecting portion (3) for detecting 
the pulse noise signal to output a gate signal for removing the pulse noise signal to the pulse noise 
removal portion (2), characterized in that it comprises: 

a high pass filter (31) that blocks an envelope detection signal from the envelope detecting portion 
20 (108) and extracts the pulse noise signal, 

an amplifier (32) that amplifies the pulse noise signal extracted by the high pass filter (31), and 
a level detecting portion (33) that detects the level of the pulse noise signal amplified by the 
amplifier (32) and outputs the gate signal to said pulse noise removal portion (2) when said level attains 
a predetermined value and 

25 the circuit has a second band filter (34) that extracts the envelope detection signal of the envelope 

detecting potion (108), the gain of the said amplifier (32) is adjusted by the detected and smoothed 
level of the envelope detection signal extracted by the seocond band filter (34) and the level of the 
pulse noise signal is made constant. 

30 2. A pulse noise detecting circuit of an AM receiver according to claim 1, wherein said high pass filter (31) 
has a larger cut-off frequency than an upper limit cut-off frequency of the first band filter (107) through 
which said intermediate frequency signal passes. 

3. A pulse noise detecting circuit of an AM receiver according to claim 1, wherein said high pass filter (31) 
35 has a larger cut-off frequency than an upper limit cut-off frequency of the first band filter (107) through 

which said intermediate frequency signal passes and is provided with a high pass/band eliminating 
characteristic eliminating a frequency band of an adjacent broadcast. 

4. A pulse noise detecting circuit of an AM receiver according to claim 2 or 3, wherein the output of the 
40 gate signal for removing the pulse noise signal to said pulse noise removal portion (2) is blocked when 

a modulation frequency of said envelope detecting portion (108) is high. 

5. A pulse noise detecting circuit of an AM receiver according to claim 2, 3, or 4, including a signal delay 
circuit (201) connected to said envelope detecting portion (108) to adjust timing of said gate signal. 

45 

6. A pulse noise detecting circuit of an AM receiver according to claim 1 , wherein said second band filter 
(34) has the same frequency range as said first band filter (107) and has a slope of a relative gain at a 
lower frequency side. 

so 7. A pulse noise detecting circuit of an AM receiver according to claim 1, wherein said level detecting 
portion (33) comprises: 

a positive or negative discriminating portion (445) that discriminates a positive or negative output 
signal of said high pass filter (31), 

a holding and reducing portion (446) that holds each output of said high pass filter(31) discrimi- 
55 nated by said positive or negative discriminating portion (445) and reduces the same with a time 

constant, 

a subtracting portion (447) that subtracts the outputs of said holding and reducing portion (446), 

and 
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a comparing portion (448) that outputs the gate signal to said pulse noise removing portion (2) 
when the output signal of said subtracting portion (447) exceeds a predetermined value. 
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